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IRIS DATA RECOVERY ALGORITHMS 

Related Applications : 

This application claims priority under 35 U.S.C. § 1 19(e) of the co-pending U.S. 
provisional application Serial Number 60/167,430 filed on November 23, 1999 and entitled 
"IRIS DATA RECOVERY ALGORITHMS." The provisional application Serial Number 
60/167,430 filed on November 23, 1999 and entitled "IRIS DATA RECOVERY 
ALGORITHMS" is also hereby incorporated by reference. 

Field of the Invention: 

The present invention relates to the field of radio transmitters and receivers. More 
particularly, the present invention relates to the field of data recovery algorithms implemented in 
a radio transmitter or receiver circuit. 

Background of the Invention: 

Due to the rapid growth in the area of digital cordless telephony, cordless telephones are 
fast becoming more than merely home appliances. Recent developments in cordless telephone 
technology such as phones that support higher data rate and sophisticated applications such as 
wireless private branch exchanges have made it necessary to develop a digital cordless standard. 

One of the first such standards was the Digital European Cordless Telecommunications 
(DECT) system. DECT is designed as a flexible interface to provide cost-effective 
communications services to high user densities in small cells. This standard is intended for 
applications such as domestic cordless telephony, telepoint and radio local loop. It supports 
multiple bearer channels for speech and data transmission, hand over, location registration and 
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paging. DECT is based on time division duplex and time division multiple access. Gaussian 
filtered FSK (GFSK) modulation scheme is employed in DECT. GFSK is a premodulation 
Gaussian filtered digital FM scheme. In order to comply with the standards set out by DECT, a 
data recovery algorithm must be implemented in the receiver circuit of a cordless telephone. 

5 This data recovery algorithm is used in certain applications including a transmitter and a receiver 
such as a cordless phone where an error may occur when the frequency of the transmitter does 
not match the expected frequency of the receiver. This frequency shift will turn into a DC shift 

S in the analog waveform, making the data difficult to receive and read. 

H Existing data recovery algorithms utilize a traditional decision feedback equalizer (DFE) 

1 (HI or data sheer which includes both feedforward and feedback paths. Consequently, these type of 
01 DFEs require either an analog to digital converter (ADC) and a digital signal processor (DSP) or 
■U some analog delay mechanism in order to achieve the desired output. Additionally, traditional 
L applications will utilize an integrating capacitor to acquire the DC level of the incoming signal 
f=i during the preamble portion of the input signal. 
1 5 s1 The reference frequency accuracy specifications for DECT allow for a frequency error of 

up to lOOKHz between two radios. To allow for this error, as well as any residual error in the 
discriminator's center frequency, an adaptive data slicer threshold is needed. Most DECT radios 
use a first order linear feedback loop to set up a slicing threshold. The loop is activated during 
preamble and the synchronization word (sync word), but then the loop is opened once the sync 
20 word is detected by the baseband processing and the slice level held on the off-chip capacitor for 
the remainder of the data packet. There is a trade-off between the initial acquisition and 
sensitivity to the data pattern. There are only 32 bits available to set up the DC level, including 
16 bits of preamble and 16 bits of sync word, which requires a fairly short time constant. 
However, the sync word is followed by arbitrary data in a field which carries medium access 
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control information. In the few bits processing delay while the baseband recognizes the sync 
word, the slice level can become corrupted. Traditional circuits suffer quite badly from this 
process because the tight post detection filtering decreases the amplitude of the preamble relative 
to the long 'V or '0' sequences. 

Figure 1 is a block schematic diagram of an existing DFE circuit 10 or data sheer. In this 
circuit 10, an input signal 22 which has been filtered by a Gaussian filter is input to a comparator 
12 along with a feedback signal 14. An output signal 26 is coupled with a switch 16 which is 
operated by a switch control signal 24. When the switch 16 is closed, the output signal is 
coupled with a coupling resistor 18 and a slicing capacitor 20 which are coupled together in 
series and grounded 28. 

In addition to the aforementioned problems associated with traditional DFE circuits, a 
user of a radio or phone including a traditional data sheer circuit will oftentimes run into other 
problems. For instance, the traditional circuit does not exhibit a satisfactory sensitivity or range. 
Also, traditional data sheer circuits require additional circuitry to operate properly, adding to the 
complexity and cost of the circuit. 

Summary of the Invention: 

A circuit with a preamble detector, a DC level set portion and a data sheer is configured 
to receive an input signal including a preamble portion, a unique word portion and a data portion. 
Additionally, the circuit is configured to receive a control signal and provide an output signal. 

The preamble detector receives the input signal and provides a preamble signal which is 
active during the preamble portion of the input signal and inactive during the unique word and 
data portions of the input signal. 

The DC level set circuit receives the input signal, the control signal and the preamble 
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signal from the preamble detector. The DC level set circuit derives a level set signal output using 
a pair of summers, a comparator, a functional AND gate and an integrating capacitor coupled in 
parallel with a current source for charging or discharging the integrating capacitor. This level set 
signal is then outputted to the data slicer. 

The data slicer uses a feedback path including a comparator, a delay line and a summer to 
provide the output signal of the circuit. 

Brief Description of the Drawings: 

Fig. 1 illustrates a block schematic diagram of a decision feedback equalizer of the prior 

art. 

Fig. 2 illustrates a block schematic diagram of the preferred embodiment of the present 
invention. 

Fig. 3 illustrates a schematic diagram of the preferred embodiment of the present 
invention. 

Detailed Description of a Preferred Embodiment: 

A block schematic diagram of the preferred embodiment of the Iris Data Recovery 
Algorithm is depicted in Figure 2. A preamble detector circuit 100 receives an input signal V m 
and outputs an active preamble signal 112. A DC level set signal 200 receives the same input 
signal V m along with the preamble signal 1 12, a delay output 132 and a control signal V c . The 
DC level set circuit 200 outputs a level set signal 300 to a data slicer circuit 400. The data slicer 
circuit 400 provides an output signal V OUT . 

A schematic diagram of the this preferred embodiment of the Iris Data Recovery 
Algorithm is depicted in Figure 3. This figure provides a more detailed depiction of the 
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operation of the preferred embodiment of the present invention. An incoming communications 
signal such as an FM Demodulator output is received and routed to a gaussian filter 105. The 
gaussian filter 105 utilized in the preferred embodiment can be a standard function used readily 
in the industry. The filtered output of the gaussian filter 105 is the input signal V IN to the present 
invention. The filtered input signal V m is input to both the preamble detector circuit 100 and the 
DC level set circuit 200. 

In the preamble detector circuit 100, the filtered input signal Vjn is input to an AC 
coupling circuitl02. The AC coupling circuit 102 removes DC offset from the input signal V m 
and inputs the signal into a comparator 104 which recovers the digital output from the signal. 
The output of the comparator 104 is then input to a 4-bit delay line 108, a preamble detector 1 10 
and a delay element 114. The 4-bit delay line 108 will hold a 4-bit sequence of the incoming 
signal before outputting it to the preamble detector 110. When the preamble detector 110 senses 
a preamble portion of the signal "01010" or "10101", it provides an active preamble signal 1 12 to 
the DC level set circuit 200, indicating the presence of a preamble portion in the signal. The 
delay element 1 14 delays the signal from the comparator 104 to compensate for phase advance 
caused by the AC coupling 102 before also outputting a delay output 132 to the DC level setting 
circuit 200. In the preferred embodiment, the delay is set to one twelfth of one bit. 

In a wireless system comprising wireless communication between two digital devices, an 
error occurs when the frequency of the transmitter does not match the frequency expected in the 
receiver. This error can result in a DC shift in the analog waveform. The preferred embodiment 
of the present invention includes the DC level set circuit 200 in both the transmitter and the 
receiver to reduce or eliminate the error in the analog waveform. 

The DC level set circuit 200 of the preferred embodiment of the present invention 
includes an AND gate 120 that receives both the preamble signal 1 12 from the preamble detector 
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circuit 100 and a control voltage signal V c . The AND gate 120 outputs a control signal 122 that 
closes the switch 150 when both the control signal V c and the preamble signal 1 12 are active. 
The DC level set circuit 200 also includes a comparator 106 that compares the input signal V IN 
with a stored value 162 of an integrating capacitor 160. The integrating capacitor 160 is charged 
or discharged by a current source 164. The current source 164 will charge or discharge the 
integrating capacitor 160 depending on a charge signal 142 output by a first summer 140 when 
the switch 150 is closed. The first summer 140 adds the output of the comparator 106 to the 
delay output 132 from the delay element 1 14 of the preamble detector circuit 100. Further, the 
charge signal 142 is directly proportional to the output of the comparator 106. Therefore, when 
the stored value 162 is less than the input signal the charge signal 142 causes the current 
source 164 to charge the integrating capacitor 160. When the stored value 162 is more than the 
input signal V^, the charge signal 142 causes the current source 164 to discharge the integrating 
capacitor 160. The integrating capacitor 160 is also coupled with a ground terminal 166. 

Also in the DC level set circuit of the preferred embodiment of the present invention, the 
stored value 162 is added to the input signal V m in a second summer 120. The output of the 
second summer 120 is the level set signal 300, that is in turn, inputted to the data sheer circuit 
400. 

The preferred embodiment of the data slicer circuit 400 is also depicted in Figure 3. The 
data slicer circuit receives the level set signal 300 in a third summer 310. The third summer 310 
subtracts a scaled feedback signal 350 from the level set signal 300. The output of the third 
summer 3 1 0 is input to a third comparator 3 1 0 that recovers the digital output from the signal 
and outputs in turn the final output signal V 0UT . 

The output signal V 0UT is also fed to a feedback block 360. The feedback block 360 
includes a delay element 330 and a scaling element 340. In the preferred embodiment, the delay 
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element 330 delays the signal by one bit duration and the scaling element 340 scales the signal 
by .17. The output of the scaling element 340 is the feedback signal 350, which is input to the 
third summer 310. 

Lastly, in the preferred embodiment of the present invention, the input signal V m 
5 comprises a preamble portion, a unique word portion and a data packet portion. In alternate 
embodiments of the present invention, specifically in applications where the DECT standard 
applies, the input signal comprises a preamble portion, a unique word portion, a medium access 
y3 control (MAC) and a data packet portion. In other standards, the MAC portion may be 
M, substituted for some similar type of control data. This control data is typically used to 
ldn communicate to the receiver information describing the forthcoming data packet. 

The present invention has been described in terms of specific embodiments incorporating 
details to facilitate the understanding of the principles of construction and operation of the 
[7 invention. Such reference herein to specific embodiments and details thereof is not intended to 
2: limit the scope of the claims appended hereto. It will be apparent to those skilled in the art that 
1 5^ modifications may be made in the embodiment chosen for illustration without departing from the 
spirit and scope of the invention. Specifically, it will be apparent to one of ordinary skill in the 
art that the device of the present invention could be implemented in several different ways and 
the apparatus disclosed above is only illustrative of the preferred embodiment of the invention 
and is in no way a limitation. 

20 
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Claims: 



What is claimed is: 



1 1 . In a wireless receiver, a circuit for receiving an input signal from a transmitter, the input 

2 signal including a preamble portion, a unique word portion and a data portion, the circuit 

3 comprising: 

4* a. a preamble detector configured to receive the input signal and to provide a 
ffj preamble signal where the preamble signal is active during the preamble portion 

jjjtt of the input signal and inactive during all portions of the input signal other than 

7*1 the preamble portion; 

fi b. a DC level set circuit configured to receive the preamble signal, the input signal 

including the preamble portion, the unique word portion and the data portion and 
l(jy ; to receive the control signal and to provide a level set signal; and 

1 }£ c. a data sheer circuit coupled with the DC level set circuit to receive the level set 
\T signal and to provide the output signal. 

1 2. The circuit of Claim 1 wherein the preamble detector comprises: 

2 a. an AC coupling for removing a direct current offset from the input signal; 

3 b. a first comparator for recovering a digital output from the AC coupling; 

4 c. a four bit delay line for detecting and for holding the preamble portion of the input 

5 signal; 

6 d. a lower block coupled with both the four bit delay line and the first comparator for 

7 providing the preamble signal when the four bit delay line detects the preamble 

8 portion of the input signal; and 
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9 e. a delay element for receiving the input signal and for providing a delay signal to 

10 the DC level set circuit. 

1 3 . The preamble detector of Claim 2 wherein the lower block outputs the active output to 

2 the DC level set circuit. 



The preamble detector of Claim 2 wherein the delay element delays the input signal one- 
twelfth of one bit. 



Ul 5 . The circuit of Claim 1 wherein the DC level setting circuit comprises: 

2P a. a functional AND gate for receiving the preamble signal and the control signal 

and outputting a switch signal when both the control signal and the preamble 

4,4 signals are active; 

b. an integrating capacitor coupled in parallel with a current source for charging or 

S" discharging the integrating capacitor; 

7 c. a second comparator for comparing the input signal to an output from the 

8 integrating capacitor and for outputting a charge signal; 

9 d. a first summer for adding the delay signal from the preamble detector to the 

1 0 charge signal of the second comparator; 

11 e. a switch for providing an electrical connection from the first summer to the 

1 2 current source; and 

13 fa second summer for adding the output of the integrating capacitor with the input 

14 signal and for outputting the level set signal to the data sheer. 
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1 6. The DC level setting circuit of Claim 5 wherein when the charge of the integrating 

2 capacitor is less than the input signal, the charge signal causes the current source to 

3 charge the integrating capacitor. 

1 7. The DC level setting circuit of Claim 5 wherein when the charge of the integrating 

2 capacitor is more than the input signal, the charge signal causes the current source to 
3^ discharge the integrating capacitor. 

tt 8. The DC level setting circuit of Claim 5 wherein the switch closes when the functional 

jil AND gate outputs the switch signal, and opens when the switch signal is not outputted by 

Jo the functional AND gate. 

£1 9. The circuit of Claim 1 wherein the data sheer circuit comprises: 

a. an analog comparator; 

T b. a one bit resolution delay line; and 

4 c. a third summer. 

1 1 0. The data sheer circuit of Claim 9 wherein a third summer is configured to receive the 

2 level set signal from the DC level set circuit. 

1 11. The data sheer circuit of Claim 9 wherein the third summer subtracts a scaled feedback 

2 signal from the level set signal. 

1 12. The data slicer circuit of Claim 9 wherein the analog comparator is configured to receive 
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2 an output of the third summer and to produce the output signal. 

1 13. The data sheer circuit of Claim 9 wherein the one bit resolution delay line is configured 

2 to receive the output signal as a feedback signal. 

I 14. The data sheer circuit of Claim 9 wherein the one bit resolution delay line outputs the 
X~ : scaled feedback signal. 

f * 15. A method of receiving an input signal and a control signal and providing an output signal, 

111 the input signal including a preamble portion, a unique word portion and a data portion, 

3Ji the method comprising the steps of: 

4^ a. receiving the input signal with a preamble detector; 

J7 b. providing a preamble signal where the preamble signal is active during the 

§4 preamble portion of the input signal and inactive during all portions of the input 

Y signal other than the preamble portion; 

8 c. receiving the preamble signal from the preamble detector, the input signal and the 

9 control signal with a DC level set circuit; 

1 0 d. providing a level set signal with the DC level set circuit; 

I I e. receiving the level set signal from the DC level set circuit with a data slicer 

12 circuit; and 

1 3 f providing the output signal with the data slicer circuit. 

1 16. The method of Claim 1 5 wherein the preamble detector provides the preamble signal to 

2 the DC level setting circuit when a four bit delay line detects the preamble portion of the 

- 11 - 
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3 input signal. 

1 17. The method of Claim 1 5 wherein the data sheer circuit provides the output signal by: 

2 d k = x k -0.17d k _ m 

3 where d k is the current output, x k is the current input and d k . m is the previous bit decision. 

1 ^ 18. A circuit for receiving an input signal and a control signal and providing an output signal, 

20 the input signal including a preamble portion, a unique word portion and a data portion, 

3H= the circuit comprising: 

411 a. means for receiving the input signal with a preamble detector; 

5oi b. means for providing a preamble signal where the preamble signal is active during 

the preamble portion of the input signal and inactive during all portions of the 

input signal other than the preamble portion; 

&2 c. means for receiving the preamble signal from the preamble detector, the input 

<H signal and the control signal with a DC level set circuit; 

1 0 d. means for providing a level set signal with the DC level set circuit; 

1 1 e. means for receiving the level set signal from the DC level set circuit with a data 

12 sheer circuit; and 

1 3 f. means for providing the output signal with the data slicer circuit. 

1 19. The circuit of Claim 1 8 wherein the preamble detector comprises: 

2 a. an AC coupling for removing a direct current offset from the input signal; 

3 b. a first comparator for recovering a digital output from the AC coupling; 

4 c. a four bit delay line for detecting and for holding the preamble portion of the input 
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5 signal; 

6 d. a lower block coupled with both the four bit delay line and the first comparator for 

7 providing the preamble signal when the four bit delay line detects the preamble 

8 portion of the input signal; and 

9 e. a delay element for receiving the input signal and for providing a delay signal 
1 0 output to the DC level set circuit. 

VS 20. The preamble detector of Claim 1 9 wherein the lower block outputs the active output to 

2M= the DC level set circuit. 

ft 21. The preamble detector of Claim 1 9 wherein the delay element delays the input signal one- 

1 ^ twelfth of one bit. 

22. The circuit of Claim 1 8 wherein the DC level setting circuit comprises: 

p a. a functional AND gate for receiving the preamble signal and the control signal 

3 and outputting a switch signal when both the control signal and the preamble 

4 signals are active; 

5 b. an integrating capacitor coupled in parallel with a current source for charging or 

6 discharging the integrating capacitor; 

7 c. a second comparator for comparing the input signal to an output from the 

8 integrating capacitor and for outputting a charge signal; 

9 d. a first summer for adding the delay signal from the preamble detector to the 

10 charge signal of the second comparator; 

11 e. a switch for providing an electrical connection from the first summer to the 
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current source; and 

f. a second summer for adding the output of the integrating capacitor with the input 
signal and for outputting the level set signal to the data slicer. 

The DC level setting circuit of Claim 22 wherein when the charge of the integrating 
capacitor is less than the input signal, the charge signal causes the current source to 
charge the integrating capacitor. 

The DC level setting circuit of Claim 22 wherein when the charge of the integrating 
capacitor is more than the input signal, the charge signal causes the current source to 
discharge the integrating capacitor. 

The DC level setting circuit of Claim 22 wherein the switch closes when the functional 
AND gate outputs the switch signal, and opens when the switch signal is not outputted by 
the functional AND gate. 

The circuit of Claim 18 wherein the data slicer circuit comprises: 

a. an analog comparator; 

b. a one bit resolution delay line; and 

c. a third summer. 

The data slicer circuit of Claim 26 wherein a third summer is configured to receive the 
level set signal from the DC level set circuit. 
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1 28. The data slicer circuit of Claim 26 wherein the third summer subtracts a scaled feedback 

2 signal from the level set signal. 

1 29. The data slicer circuit of Claim 26 wherein the analog comparator is configured to receive 

2 an output of the third summer and to produce the output signal. 

1 30. The data slicer circuit of Claim 26 wherein the one bit resolution delay line is configured 
20 to receive the output signal as a feedback signal. 

Ul 31. The data slicer circuit of Claim 26 wherein the one bit resolution delay line outputs the 
||i scaled feedback signal 
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Abstract: 

A data recovery algorithm for implementation in a radio transmitter or receiver that 
includes a direct current level setting circuit with a preamble detector which will establish a 
threshold for a simplified decision simplified equalizer slicer that improves receiver performance 
in a feedback manner by utilizing an analog comparator, a one symbol long one bit resolution 
delay line and a summing junction. 
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DECLARATION FOR PATENT APPLICATION 

As the below-named inventor, I hereby declare that. 

My residence, post office address and citizenship are as stated next to my name J believe I am the original, first and sole inventor of the 
subject matter which is claimed and for which a patent is sought on the invention entitled: IRIS DATA RECOVERY ALGORITHMS 
The specification of which is attached hereto. I hereby state that I have reviewed and understand the contents ot the above -identified 
specification, including the claims, as amended by any amendment referred to above, I acknowledge the duty to disclose information which 
is material to the examination of this application in accordance with Title 37, Code of Federal Regulations, Section I 56(a). 



I hereby claim foreign priority benefits under Title 35, United States Code. ^ ! 1 9 of any foreign application(s) for patent or inventor's 
certificate or any PCT International applicatton(s) designating at least one country other than the United States listed below and have also 
identified below any foreign application for patent or inventor's certificate or any PCT International application^ ) designating at least one 
country other than the United States filed by me on the same subject matter having a filing date before that of lhe application on which 
priority is claimed: 

Priority Claim 

Prior Foreign Applicatfcm(s) 

Yes No 



Number Country Day/Month/Year Filed 









Number 


Country 


Day/Month/Year Filed 



1 hereby claim the benefit under Title 3S. United States Code, § 120 of any United States application^ ) listed below and, insofar as the 
subject matter of each of die claims of this application is not disclosed in the prior United States application in the manner provided by the 
first paragraph of Title 35, United States Code, § 1 12, 1 acknowledge the duty to disclose material information as defined in Title 37, Code 
of Federal Regulations, § 1 56(a) which occurred between the filing date of the prior application and the national or PCT international films 
date of this application 



Application Serial No. Filing Date Status: Patented, Pending, Abandoned 



I hereby claim the benefit under Title 35. United States Code, § 1 19(e) of any United States provisional application(s) listed below: 

60/167.430 November 23, 1999 

Application Serial No. Filing Date 

I hereby declare that all statements made herein of my own knowledge are true and thai all statements made on information and belief are 
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 

Hull Name of Sole Joint Inventor: Gwilym Francis Luff , 




Inventor's Signature' _ _ _ _ 

Date i 7 Nn,±t*G 

Residence: IS, The Hectare, fefeat Shelford. Cambridge CB2 5 AT, United Kingdom 

Citizenship lT f .f H _ 

Post Office Address: 1 8. The Hectare, Great Shelford. Cambridge CB2 5 AT, Vnited Kingdom 
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